Abstract
Introduction
Thanks to the widespread popularity of the World Wide Web (WWW), electronic commerce (ecommerce) has flourished rapidly. As the Internet is put into more applications, an increasing number of businesses have come to depend on the Internet to carry out their operations. The Internet not merely transcends geographic boundaries but easily increases intercorporate interactions. Consequently, no business, organization, or individual is confined to the old-fashioned and traditional mode, nor is it necessary to perform operations only through the physical channel. No matter what part of the globe a person is in, he or she can effortlessly join the electronic community or market based on the virtual environment. The advancement of information technology (IT) and the popularity of the Internet have ushered in the globalized information economy. With the pouring-in of information goods, the amount of knowledge accumulated on the Internet has also increased day after day [1, 2] .
To create a new mode of management for the business world, the virtual environment of the Internet is adopted, which not only provides the requester with needed products and services but furnishes the business management with an effective means and channel of collecting and integrating knowledge. Nowadays, in the digital age, Internet technology has lowered the cost of information transmission, enhanced the efficiency of information circulation, made information more readily accessible, and got the information end-user closer to the information source. Meanwhile, the development of e-commerce has enabled an individual or a business to conduct a faster and more efficient transaction by means of the Internet. However, two problems still wait to be solved: how the requester can efficiently and precisely find the needed product and how the supplier can provide the product information for the suitable consumer group or buyer. Therefore, intermediary services have sprung up with the growth of the Internet. With the help of the high-capacity, interactive, and inexpensive medium--the Internet--intermediary services have become an e-commerce mode which the consumer or business representative depends on to seek out business opportunities [3, 4, 5] .
Faced with the above-mentioned situation, intermediaries, provide a virtual and aggregating platform dedicated to settling the aforesaid problems. In the future, intermediaries will be more widely employed in online transactions and so their roles more important. Based on such an assumption, the research chiefly utilizes the mature Internet and information-related technology at present, in addition to the scalable XML and convenient Web interfaces. The research attempts to construct a systematic, intermediary environment where product information can be shared. By doing so, the various roles involved (include designers, manufacturers, buyers, and consumers) and the business can get help in smoothing knowledge management, and their knowledge texts can be closely transmitted and shared without being restricted by heterogeneous systems. Besides, owing to the structural feature of XML files, the rules buried in the files can be easily extracted so that they can be used to determine automatic product development programs and eventually help businesses to improve their competitiveness, productivity, responsiveness and innovation [6, 7] .
Related Work
In conventional knowledge-based systems, knowledge is represented in the form of if-then rules, which are reasoned by inference engines and applied to problem solving. Most of such knowledgebased systems (e.g., expert systems) suffer from several problems such as insufficient understanding of the structure of knowledge-based systems, expensive knowledge acquisition, and focus on complete (but narrow) solutions [8, 9] . However, as the Internet connects the worldwide computing resources each other, the needs to capture various knowledge are increased rapidly. It brings about recent active research and applications of new encoding methods for the knowledge in various application areas. Some examples are as follows.
Data Mapping
Because product data have been defined in various formats, many proprietary or public mapping programs have been developed. Recently, more efforts have being focused on developing formal methods for translating product data in different formats. Product Data Markup Language (PDML) is an Extensible Markup Language (XML) vocabulary designed to support the interchange of product information among commercial systems (such as PDM systems) or government systems (such as JEDMICS), where the vocabularies are related via mapping specifications [10, 11] . PBDH projects established a link between STEP and EDIFACT through the mapping of data definitions and data models (M. Engeli 2000) . EXPRESS-X is a structured data mapping language by which relationship between data defined by models in the EXPRESS language can be specified [12] .
Data Exchange: Implements for Interoperability
Interoperability can be defined in the broadest explanation as the ability of software and hardware on different machines from different vendors to share data and the ability of two or more systems or components to exchange information and to use the information that has been exchanged [13, 14] . Interoperability is typically ensured by adherence to a set of common standards. Several interrelated types of standards, such as communication, request, data format and content, must be employed to ensure interoperability between systems.
The term information interoperability indicates that data generated by one system can be used by another (without regard to the request or communication mechanism) [15] . This may be a direct connection, if both systems use the same data format and content. Alternatively, the systems may be connected through a mediator, which transforms the data format and content. XML has emerged as the extensible, flexible data format standard. XML stands for eXtensible Mark-up Language, often mentioned together with Web technology and HTML, but it is important to remember that XML is basically a way to describe and structure data. It can be used in a great variety of applications, not only in Web applications. Establishment of the XML standard schemas is expected to improve the data exchange to protect earlier made large investments in the in-house information systems. The objective of the standard was to provide a means of serializing (or persistently storing) the state of (product data) objects contained within an object-oriented database into a neutral format that may be communicated from application to application. One of the benefits of using XML as the information syntax is the amount of development of parsing, querying, transformation, validation, and presentation tools for the support of the language across all aspects of the information technology industry. By applying the XML standard to implement product objects sharing mechanism on the Web enables a knowledgesharing environment in the intermediary. The Web-based data-centric knowledge-sharing environment potentially allowing to facilitate some applications, translate the product data, and further be capable of providing reasonable model configurations for XML type [16, 17] .
XML Web Services Applications
The ability of compatibility and security problem of Web Services to reach beyond firewalls and proxy servers, as well as the loose coupling between applications encouraged by Web service interfaces, are the key reasons that Web services technology promises to make integration of applications both within the enterprise and between different enterprises significantly easier and cheaper than before. Loose coupling means that not only can applications be implemented on different platforms and operating systems, but also that the implementations can readily be changed without affecting the interfaces. SOAP is a simple XML-based protocol to let applications exchange information with XML Web Services over HTTP. Supported by all Internet browsers and servers, SOAP provides a way to communicate between applications running on different operating systems, with different technologies and programming languages [18] . In order to increase an organization's agility in responding to design requirements, the information flow between the IT systems that carry out these information operations must be streamlined. This includes the organization's own IT systems as well as those of its partners. It is the task of information integration to automate this information flow as much as possible to streamline operations.
Drawing on the XML and XML Web Services, this research will build a knowledge sharing mechanism which repeatedly uses and automatically handles information. It makes full use of the information generated by the user after a mediated transaction on the Internet platform; besides, with the help of XML Web Services, the XML knowledge texts generated after the above-mentioned transaction can be saved by the user. Thus, as well as sharing his or her own knowledge on the platform, each user can use automatic programs to handle all the information shared by the participants, integrating it into a comprehensive, valuable, and versatile knowledge text.
The Concept and Strategy of Product Knowledge-Sharing Structure
Industrial design covers a wide variety of products, which is illustrated in the process of product development. As a business engages itself in developing a new product, it follows a strategy aimed at adapting to both the environment and the market [19] . An excellent process of product development enables the business to foresee the vision of the successful product. Throughout the process, design plays a decisive role: first, the customer has a demand for a certain product, then the manufacturer and the design firm enter into close cooperation in the course of development and production, and finally the finished product is distributed by the retailer to the consumer. On the one hand, the operation of a traditional business seems linear, making it rather difficult for one role to bypass the mediator and come into contact with another role. On the other hand, the advantage of the Internet lies in the fact that it can flatten the value chain, converting the vertical relationship between the roles into a horizontal one. In other words, we can boldly presume that the intermediary opportunities for the roles involved may be examined horizontally, and thus we will discover that there are indeed intermediary opportunities for all the roles owing to the features of the Internet, as is shown in figure 1 [20] .
The purpose of intermediary is to satisfy needs of all parties in e-commerce environment. These parties pair types can be B2B, B2C、C2C and C2B. The type of clienteles in B2B (corporation partner for businesses), B2C (product for sale) such as designing companies, manufactures are mostly Small Medium Enterprises (SMEs) and most of the suppliers/buyers information are held by bigger organizations for B2B business only. Such limitations can be eliminated with the help of Internet and there are also possibilities to involve more type of business. Other than B2B, SMEs which have more difficulties reach out to the traditional market can achieve so by C2C method, i.e. selling small numbers of products directly to consumers; or, by C2B method.
Figure 1. Four-parties involved in product development process in design industry
In view of the above explanations, as the scene is put onto the virtual and Internet-mediated platform, it is more evident that all the roles are extremely eager to get their problems solved. Therefore, if we consider the case from such a viewpoint, an intermediary transaction (IMT) is undoubtedly the source of accumulated knowledge, regardless of how the transaction is matched. The reason is that, once the transaction is successfully matched, both parties may obtain from each other some professional or innovative knowledge in addition to financial benefits. As a result, the foregoing concept reasonably leads to the following conclusion: if an intermediary product knowledge-sharing environment can be established which focuses on industrial design and is easily accessible, it will surely satisfy and attract all the interested users and be utilized to share knowledge among them.
Thus, dwelling on the transaction-matching mechanism of the platform for intermediary, this research aims to organize and classify the information provided by the various roles in a successful transaction. Furthermore, it endeavors to establish an Internet -mediated, knowledgesharing environment which founds itself on the abovementioned mechanism, focuses on industrial design, and facilitates the sharing of product knowledge. Consequently, each participant can make use of this knowledge-sharing configuration to obtain the needed information rapidly and accurately and to enhance his/her capability and competitive edge .
Development and Integrating technologies of Product Knowledge-Sharing System
Making use of the concept of knowledge management, this research integrates the large amount of information resulting from an Internet-mediated transaction. Observed from the idea and strategy of a knowledge-sharing architecture, intermediate opportunities do exist between different roles during the Internet-mediated transaction. It is supposed that all the four participant roles have a matching demand in the process of product development. According to the abovementioned process analysis, the process starts with the buyer seeking the sample model of a certain product. Then, making a close communication with the manufacturer, the designer succeeds in achieving the optimal design for the product and creates the first document entitled product specifications. After that, the designer provides the manufacturer with the finished design, which is translated into product specifications to be followed during production. Once the production process is performed, the manufacturer supplies the buyer with the finished product as well as its complete information. At this point, to sell the product to the consumer smoothly, the buyer (distributor) will focus on the target group based on the features of the product and certainly establish a number of marketing standards. Therefore, if the XML architecture is effectively used, a complete set of product information can be collected which includes the information about its design specifications, production specifications, marketing standards, and even the consumer feedback. Later, it will facilitate the establishment of a shared product database dedicated to industrial design [21] , whose system configuration is shown in figure 2 .
The main framework of this system is the inter-transmission of a XML file amongst different product development stages. In M. Rezayat's report on the knowledge-based product development systems, XML is also used. The system takes advantage of its detailed definitions and its ability of networking to provide the accurate information and to the right people at the right time in a correct format (M. Rezayat 2000) . The same spirit of sharing information can also be seen in the information sharing platform provided by A.Wong and D. Sriram [22] . The professional information is shared amongst different personnel via a Web-Based System. In the year 2002, Sang Bong Yoo & Yeongho Kim had also presented a Web-Based knowledge management framework which allows virtual enterprises to share product information arising from applications regardless if business-oriented or engineering-oriented in nature. In such framework, with the interaction between the business oriented and engineering oriented programs, product information can be shared by both parties. The main framework of this system will not only be able to provide a knowledge-sharing environment that allows integration of internal and external information of a business but it also utilizes the special feature of the Internet to integrate all the information from all sharers. Therefore, sharing and exchanging of information is not only done between business to business (B2B). It is being done across B2C and C2C mode of business. Also, as the urgency of the development of industrial design via intermediary is related to other fields of product development such as innovation, new concepts, and new technologies, the vast amount of product information to be shared amongst businesses and the desired corporations between enterprises is unreachable at this moment. Therefore, this study explores to build a product sample matching mechanism that uses XML as the basis of information exchange. In this process, documents from different stages of a product life cycle ( including design information, manufacturing information, sales information and consumer feedback) can be integrated successfully with the help of special features of the technology of XML and standard protocol (XML Data Mapping, XML Schema). 
Data Resources and Integration
This research makes use of matching process mechanism in the intermediary platform as the foundation for the transmission of data in the transaction of Internet Agent, and at the same time amalgamates all users of the system. After execution of knowledge-sharing, we have to list down the personnel who have access to product documents in the process of integrated product development in the intermediary, and to regulate their access (access control). This allows system users to share product information in the intermediary environment without doubt. Let us use the transactionmatching between buyers and manufacturers as an illustration; when a buyer searches the intermediary portal for product models, and a manufacturer matches the requirements for the products, the system will activate the matching mechanism to inform both parties of the successful matching. Next, the executor falls on the manufacturer, who will upgrade the products as according to the buyer's requirements. That is, other than the initial step of the products' simple style, the product as a whole will undergo a complete design. Hence the manufacturer will submit the requirement to the next process, which then becomes the matching process between the manufacturer and designer. If such an approach is used, the matching between buyers and consumers will also be involved. Thus a complete product information is created from accumulating the matching process between the various parties. In other words, in the process of product development, the bulk of the information is accumulated from the various users, and every user makes use of this sharing platform to get the information they want. Hence we inbuilt Web Service mechanism into the intermediary platform so that users are able make use of SOAP information format to acquire the XML file of the product information. All the users will be able to get hold of the product information from matching pairs and provide feedback to the content. Furthermore, matching process in the intermediary transaction enforce access control on the products documents; when the product document is opened on a particular user level, the other users of the participating product document will be unable to call on Web Service to read the product document, and they will have to wait for the user who opened the document to update and submit it to the next process before it can be read (workflow control). This control ensures that users are reading the latest version and most accurate information (version control). System information and matching process blueprint is presented as shown in Figure 3 . 
Interoperability Implement
The technology of XML provides a revolutionary solution in the respective of data exchange and data presentation in application systems. This is because XML emphasizes on the completeness, integrity and neutral stand of data structuring. This allows data in XML format to be exchanged and integrated across different systems and platforms without any limitations. In addition, with the combination of the current advantages of the Internet, product information can be interchanged and integrated amongst different parties via the intermediary as a platform. As the standard for exchanging information in definitions of tags in the information at development stage of a product life cycle in the industrial design industry is needed, XML protocol provides a convenient way of exchanging information. According to the norms, XML can be applied for data exchanging functions. XML Schema, together with the convenience of XML protocol, is suitable to be used to establish the specifications for data exchanging functions and definitions.
In 2004, Ying-Han Wu & Heiu-Jou Shaw suggested a product knowledge management application which tied in the concept of XML [22] . They developed a complete set of product knowledge management framework for ship designing. The technology of XML is an assistant to the integration of specifications of a ships and an application to the whole process of ship designing. It was used for the whole process of ship building, from Outline SPEC stage to Full SPEC stages. The structure of XML is utilized to interconnect all the process information and further combined with the concept of XML Data Mapping. This allows documents that are produced during the process to smoothly inter-connect and allow this information to be re-used and shared, and ultimately present an integrated product information that is complete and accurate. With this, the product specifications and knowledge-sharing framework of transaction-matching via intermediary on Internet applications can be achieved.
In addition, as the information on the specification of the product sample is in XML format, every party can directly take reference from the definition of XML tags (shown in Figure 4 ) of the fixed parameter values to replace the marked value (shown in Figure 5 ) when he/she is editing the documents. This is because if information on specification of a product sample is not managed this way, the information (value) will not be edited in the XML value tags format all at once. Similarly the management and applications of the information on specification of product samples will not be effective. Figure 6 shows the XML tags used for the editing of information on product sample specifications. Further, when a product sample specification is chosen for the sample of specific matching project, the product information involved will become more complicated as the transaction process can be complicated due to the multiple parties' involvement. This will lead to higher difficulties in its management. Therefore, XML tags together with the technology of XML Data Mapping are the way to manage product information properly and efficiently. This is because all the parties in the transaction-matching project have the same set of definitions for all the XML tags ( in a specific way of saying is that these parties all make reference to the same set of XML Schema Specifications.) In this model, product information from all stages of a product's life cycle can be interconnected efficiently and everyone will receive accurate and timely information. 
System Functionality Demonstration
Product life cycle starts with a need for something. With a product concept in mind, design, manufacturing, testing and mass production in bulk follows thereafter. It is completed with the sales process and consumer feedbacks. In the perspective of transactions via intermediaries, to have the most complete set of product information of product development process at least four-parties are involved: the designer, the manufacturer, the buyer and the consumer. This means product development in a transaction via intermediaries starts with the need of production and then at each step of the process, a piece of product information will be documented. However, each parties participate in the transaction has an opportunity to be the intermediary. ( please go back to see Figure 2 .) This means, amongst the parties, there are opportunities for them to carry out communication and transaction-matching. So, during the information flow via intermediaries, there could be only bilateral, trilateral or quadrilateral providing the information. This study explores process of the information flow amongst four-parties. First, the buyer will express his need for a product and through transaction-matching, he will eventually get the support for design and production. Lastly, consumption information will be integrated to generate a complete set of product information document. An case study on industrial design of a product to demonstrate how users (including designers, manufacturers, buyers and consumers)in the quadrilateral transaction process achieve sharing and exchanging of information and knowledge in the transaction-matching via intermediaries( see Figure 7 as an illustration). 
Conclusion
This study applies the concept of knowledge management with XML on to the transaction-matching model of intermediaries for industrial design and further integrates the information of each step in product development process in the environment of intermediaries for industrial design with the assistance of current information technology and the special characteristics of internet. (In the process of transaction-matching by intermediaries, different product information and knowledge contents needed are produced in every stage.) With the above, information on the product specification used in model that carries out transaction-matching with intermediaries is proposed with XML protocol as the designing structure. Hence, the documents of products information can be formatted and its contents can be used repeatedly and shared by different parties (designers, manufacturers, buyers, and consumers) via intermediaries by integrate different concepts from different fields and other related features into the process of transaction-matching via intermediaries. Lastly, parties using transactionmatching mechanism are given the function of precise storage, retrieving and control of the product information documents by involve the role of Authorization in the design of the system.
Using XML technology as the base of transaction-matching process via intermediaries to develop a XML-Based framework to integrate information, not only will the knowledge of the process be reserved structurally but it can be transmitted between parties of different type of systems (such knowledge can also be integrated with information stored in different type of systems). Further, with the integration of XML and the integrations of process of transaction-matching process the problems of information saving in different format are also solved. Information in documents can be used uniformly.
